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aN, InGaN. Al GaNii^t^^^t/««$*fcxt7m^ 

ffeMfttt77^tS«©K-ni, pIOGaN, InGaN^tifO 

I n G a N^Wfe***^***: UG a NfiSSffi^^H 
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6<Dtf5fibVv£T\ ^ffiHSAte (111) GaAs|«*t5. GaAsTtS 

v^oT l ^>^tB^ft^^: t toT^SS^<D±(^:^-e#s©{ic® ( (oooi) 

CffliV^oTt (0 0 0 1) ®i (0 0 0-1) ®tf>-0#Sfc5 0 thttGa 

mftxm&xhoxmt&tiz^xwmirZ) t v^ 5 r t nm bv\ Nsra^stfnt; 
g a NtD^y^ynmrnxfo^xmrnztetyfrtj:^ nm&ttttxnwt&m 

Ste£-Ct>$lbV\, 

StfS, ft^/&>X5fcbT^Jib7U§£\ WSfcioTjPXagSCiiJas-eftTb*^. 
20 TV>§§|S^-Cfc5o 

tttij/f^^L^imiftfe^V^ b^bG a NOa^^^ftflJjGSV^fcfc 

25 L. H. Peng et al. , "Deep ultraviolet enhanced wet chemical etching of 
gallium nitride", Appl. Phys. Lett., vol.72, No. 8 (1998) (iGaN^^ 
6&«tt«r*mT*5*, H 3 P0 4 ^fc|j:K0HMlCilt, Sft2 54n 
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D. A. Stocker et al. , "Crystal lographic wet chemical etching of GaN", 
Appl. Phys. Lett., vol.73, No. 18(1998) tta:?- Isl/jf ]) /U&f£1&t Lfc 
10 H 3 P 0 4 tfcfj:KOHMiCG a N^| 0 St^f (t 9 0t~ 1 8 0 o C^JP|^b 

(0 0 0 1) Bl:1i%^x5/^y^$ti^V\ {10-13}, {10-1- 

2}, {lo-io}, {i 0-1-1} n=^y^>y&in£\,\ £l^? 0 5MB 

fifcStc:J;oT#btb^:GaNWJfedl^®tt (0 0 0 1) T?fc3^<b^ ^ 

ttfc V n„ r ©ZfcjfcT? ESU L T V * ft V > frftt if at j/ ^ ^ ^ $ tlft V £ V n o (D fit G 

J. A. Bardwell et al. , "Ultraviolet photoenhanced wet etching of GaN in 
K 2 S 2 0 8 solution", J. Appl. Phys., vol.89, No. 7(2001) {ifulBO L. H. Peng 
20 et al. ttloTG a N^| B tHilrMt5 i <b ^ < KOH ttj^J t 

UTK 2 S 2 0 8 £^PL^^/&j$t*LTG a N*NI<D^®&m5£ (l7^s> h) 

y l)A»Ga 2 0 3 Wt§. y DAtttGajOj^KO 
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#5B2 0 01-32289 9(i!)x/N^liLK7^x5,f-y^ £^5, fgfc 
#12 0 0 2-4 3 2 7 0}i«I}ao«t5iM Fd*^^ 

4$0H 2003-249426 S i CSftOT IWftLGC I B y 

is??* t^m lt^-w *fE»jB <d ^ ? - ^wci-rs sifted terns, tt 

XvfcioTKfS^tyxyfy^fs (R I E) #8rcfc3. rtUcov^ 
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tc 0 ZtmmZ-^Zft, S i, Mn, Fe, Cr, Ni^^il^, ^ 
10 ^:|±S0A^05t-r2>GaN«, — tfcfcGaffi, — ^ftNffifc&fcftV^ V* 5 - 

£ ft 9 % Gait Nffl^^ft L-CM $ <b V n p ft&fe £ £ fclft o T V * £ c 
iilC$3V^fcGajgtN®t(iI5 U ^yT-^terJSWCfcG affi^Nffi 

b < SI 5 «fc 5 ^ M ri s #n^|^oTUt5, 3Sft^S6* 

^^5'^^^^^:3l^ttOfc6^p 3 D^oTm^t^v^ ( ^v^5 -<h^fc5o 
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fcfc, Cu (£P0) (D^^^:^^^^K^S^ffii6ii^fc:^«ffiV^TGaNS^ 

A s Ga ffitt^ tS't^S 1" 5 ^fp^ /feV \ b#>UJDX^@JI£|&/^&V^ tic: 
5 LT^APX^JlSr^-t-S^^ii^b^tm^b^VNo 
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oG a N !>3L^£$t#H-5 - £ J&McfcW©** 2©| 6<JT*fe5o 

GaNi»±©j|iMMS (XlO'Wcm 2 ) 

2 j« mil^^G a Nl t , 0. 2 ,u mj^^-O I n G a Nf%x t°^# 
i/t^M^*He Cd W— if 0 3 2 5 n m<D if If— ixSrHSTT I n G a N 

X 1 0 l0 jjR-?v/cm 2 K:iSifcS„ 
#3858 fit* GaN©SE^py^7X-7^5 K7^xyf 7yi 
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ofc^tt-r^-^y^v^ (r i e) fc£ox^$)t t zmffi%m , Q%iz>^ t&x 

n^WbTK^CD^f^^R I Eft^tlAlISiat (1 0" 3 ~ 1 0 P 

a) mmm^mmti (ioow~ikw) &j#tts, fosw^-w^n^ (2 

0 0W~2kW) SrWAb-r^py^y^X-^^^-r?, 0 -^tUi/Mn ? XO^ 
Y=7^=c y^tc&tift* fate <0 <Dj££<DtoJimWm SrBS%*-e# So 

mt^o h^mm^^o x-^ km*. 5 ^ u^mt^ h f 

*9ft©IBJlSr§|*jBri-. 

tfjfcft $*fcG a N, I n G a N»«|(D»^-#agtmtbTJfe*^S< ft 
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5 mtmm (S i0 2 ) %mz>\z.\*7 yWi (HF) tf*3lLT:fc5«9, *:*U*J:<*P 
b*LTV^ 0 mm\ttfo&>f\-(D&m (Fe % Cr, Ni, Mn-) T*fc6 0 ^® 

<^b&X%Z> 0 

m<9M Uzl^TV^ £ 9lCGaN©Ga m^m^X^m^m^kX^ 5 <fc 9 ftH 
15 ^^&Ifr5-^fc5^<bx ^ErtUi mm b^o Zb-bX£Z> 0 Lt^U£ 

<53&?g£* h^?"^ (fcSVMiKy btfc (mm ) I'FjLGaN^I^: 

-rs. m(D±\cx^m^mm^m±^mi^t f /ut^tm^x^^m{^m^^ 

25 ffaKl&So 

tc^hcmm^^mmx(o^mx^^tc.b^mm<o±n^-t (0 0 0 d 

Galt'fcS^ n<Dlb^tz.WA<D*fo<Dfrmk'M&m% (0 0 0-1) N®TC 
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S Ga = S N (1) 
5-<^t?fe^)o ttH±^4-CGaN©!>xy b^yf y^Mtti ITS 

£*VT % *tl&G2il$m<D^y^V^hb\^Xm^&iriXZtc<DX'&>Z>o U^b 
S Ga *S N (2) 
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# ft v * h # * v ^ £ WV \ NlOltl^^* Ga® e fct?l : b<St^££te 



^1 





P H 






*^ 


K O H 


1 0 ~ 1 2 




ft b 


ft b 


N H 4 O H 


10 — 12 




11 ^ 




H 2 O 2 


3 ~ 4 


ft b 




ft b 


H 3 P O 4 


1 




5^vn 


ft b 


H F 


1 ~ 3 


ft b 


P <^ 


ft b 


H N O a 


1 


ft b 


3^ 


ft b 


H g S O 4 


1 


ft b 




ft b 


H C 1 


1 


ft b 
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x*mx*>z> 0 T&mik7km7kH 2 o 2 te&t \^x<Di/\?mttm*#wt{b%&3bz. 
mnmt^\ m±mtm\ &^te^<Dxm&&&ftte0kW*m&vx^z> o 

"CttWc^JI (Fe, Cr N Mn, Zn, Ni, •••) ft if 5 - £ "C*>5 

G aN— tf>J8Htf4«fc 9 i>&m*J*^4kVX&&mtemfrirk\ / ^oftm7!)S 
BfcfefB* *ftraSMfc«5c«4fc#i9i^ t v^ 5 r. i: «fc o TM 

■efi 5. fc^5A^b®75S#:/«V^G a £G a 2 O 3 K LTBfc*-f S 
* r T*£* ^Xffi<DBMbS7C«(fl:«r»£ L/c 0 Bfefc3S7U«tfctt*gfc: iott 
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m2 

(V v s N H E (normal hydrogen electrode : M zk ^ WL$i)) 





mOL (V) 


D H F ( 0 . 5 % ) 


0 . 8 3 


H C 1 (10%) 


0 . 9 0 


H 2 S O 4 (10%) 


0 . 9 2 


0 3 (lOppm) /H 2 0 


1 . 2 2 


D H F ( 0 . 5 % ) /H 2 O s (10%) 


1.67 


H 2 S0 4 /H 2 0 2 (4:1) 1 2 0 *C 


1.85 



0 £ ? l l Zi&\,^<DX'&m%L : f-te tl±Wltl^\ Zn^Cuti*t't^\ HC1 
5 ^H 2 S0 4 © 1 0%^-T?^fi«9^Jl«fc* «9&*L&V\ r.tbfe<7)^cD^.#:T? 
ttBfe-fb*36^JBi"5o t'/^OjOl 0 p pmfcil. 2 2 VfeSd^^k^^l 
<tGaSfGa 2 0 3 TO5^Fe, Zn, C u ft ^ttStttfeV^ 7y»*8l 
T?W:*)* 0 ^J^^v><^^§i®^7K^^m^^fcD H F + H 2 0 2 I41. 
6 7 VOiWk;315u*ifc*SjfooT, Zn, F e N Ni, Cuft©9||<*m 
10 So WlEBftfcHaBft-f tSTk* Sr 4 : 1 1120 "ClcMM Lfc © tBWkrfJ^M < 
Tl. 8 5Vtfc5 0 

©^kiiTum^T? o -cans &#^-t- t t> m*irz> uiittiiifct t 1Mb* 

•fit*Sl. 2V^^1. 5V£JLhfcV^0>W\ ^J^^r^m^J^^T*^ 
& 1 frtb, 7y»HF «^^4^JfeV^^||^^4^SilV^^-Cil^b7K*H 2 O 2 
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t>ittemkM7intiL hm^z.k&t>frz> 0 e> h f + h 2 o 2 »**rigfcjj&^ 
z 0 z p>\nmm{t^mH 2 o 2 &mn\.fcHNo 3 +h 2 o 2 ^^r 

10 ffl-efe5o 

»I)5HCK H 2 S0 4 , HNOalC^-^^OsSriSjSAPbfet^fc^rS&T? 

15 HF+H 2 0 2 

HC 1 +H 2 O z 

H 2 S0 4 + H 2 0 2 

HN0 3 + H 2 0 2 

HF + 0 3 
20 HCI+O3 

H 2 S0 4 + 0 3 

HNO3 + O3 

HNO3 
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tl&7kmk*V #J*KOHttfflk7Zs*~$J>V(H 4 OHt£¥-V$>Z> 0 KOH 

#^*£-<<5^S<D/-!— Z^mmtl 0X1 0 u l^/cm 2 ^K*fc5 
10 r^jftg-c-feSo *feK!5X 1 0 ll JDR^-/cm a KTTfc*trf«J;9#*UV\ 

-et& «fc Pt31^ofc 0 ^te?^^ffi^ftA^2JPI*> LftWTN ^OlICGaN, 
15 InGaN, Al GaN/iMl^MOCVDfe MBE^ifCi^^ 

&>3o G a NOG a.®«^^tilM@-C*>o-C'fk^atC £ o T f*fc ifJBA £ *L 

20 

^T^Wf^n^^X^STttofc (R I Ejfe) lUoT 

G a N ^x/«©iPIf I !Sr^4t5. K7^iy^ff5 ^MS^ & 

®tGaffi^^bTV^5^V^5 : IS3i^5t^^:^oTV^S(D-CGa®tNffi-CJi 

So 
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. Tfii*T^-eS)S. InGaN, G a N»g?rt 7 7 tStW±til Lfc 

amgflev-iF (ld) J;oT¥^5 7-ia/<£ 

10 nGaN, G a N fit^JHfcW* 3 <7>T\ ^t4 9 rt*UJiS*3ftS^:# < T^RMM** 
ifti< LD©»^tti***«i«Sr*-f-©-T?^|Sfe*si£^ *9^bi-5-5T^tt^fe 

So 

■£<Z>J; 5 t-G a NS«^tt*7T--f ^StESrjffi^.5f«J^«>5„ G a NlSli 

flyg&-CfcSG a Nlittill5 Omm^ 4 0 0 (imf^T'feS. 
A. K^-Y^^^Vi/ 

lyfy^t^ttxyfvmiAP, ^tnsmp«r*u niseis 
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ibMM^.M^3^ t f' J r 'y^P^^-MA'V^ <5 «fc 5 lc&oTV^.5 0 1 0~ 4 P 

^y<^Z^.y^->^^f^t btM (CI,) ^f^^^AL^^r V/<rt<0£E^«r 
5 0. 2 P a fcLffolfll Lfc 0 _L£P*1, T^«^^^^^«^^^Db^X^ 

ft3 





8 0 0 W 




5 0 0 W 








0 . 2 P a 




1 5 0 g> 



B. (WI^W) 

mmftisfro mv5ftm<Dm&*-b5--mmy > teis-tt (5^x2) „ ^iGa 

15 NStK^^^mbT^y^n tr^T/Va— (8 2"C) -eftjftS**:. 

K^-r^^^Vi/^ £^.5/ h^^m^^itTG a Ng*K (5 0 mm * % 

400^ mj?30 ^«Lfc 0 ^ 5/ hmmttm&mfcxzimb tm v k 
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A. K7^xy^^ 

^fel 0~ 4 P a ^T^^ffibfc^^^^^-t^rt^G a N^^^L 
5 xyfy^Htli (Cl 2 ) ^^lALft^rtM^rO. 2P 

b . c^^fe# ^ t/w* v mm 

B 1 . ^m&nW : 5 0 "CKlMbfc * — fc-T fcVl-T/l^— /V 

10 fcAtbfc^t*— # — £A;ftG a N&fc££-f yy°n tVV-T/V^— Mz.mttX 5# 

p B m^ufc 0 i^D5^osfe?^^^ p— mmvMvtc (5^x2) „ ^©iGa 

NK^MtHLT^ y^n ^7/^^;«f (8 2t) -T?f£$l£-ti:fc 0 

B 2. T/W^ y ?5fc# : 4 5 < Clc:AnS.£;tXpH= 1 1~1 2 KlfSS $ tbfc K O H 
TkmWifcG a N^ a S«^m^bfCo JS«9 9 0 kHz C^^^P^fliltU 
15 fc 0 Sfc^^«Mil^-arT3^^bfc 0 ^WGaNlS^TkT^-^ 

B 3 : mmVcW- : ^*0^"a«fe#^IHCo 5 0 ^;Mof y^n 

gfc^£r 2 Htffofco ^r^G a <9 tfj b-Y y fcVKT^ — /Hl^f 

25 -e 8 2 °c-e^ $ itfco 

•OfelfcfliJ3 (prey N^^^^^«^^^+m^+T^ ygfe^) ] 
Ky^x^fy^t h^^MJ^a-ib^TG a NSt (5 Omm^ 

*m^t>ittc-b<DXfoZ) 0 WJ2l^ (HF) ^f^ii;&q£;ftTV^„ (B.L 
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^y^?<D$&\tzmkmi (*3) tm^T*hz> 0 

5 x.y?Z/JftfXb \^xm.m (C 1 2 ) #*&^Ab5^>v^|*jtf>jE;*j&0. 2P 
*^s> hft#fiH^J2^gfe^ (7j/»hf) &iiAqbfct><7>-cfc3 0 ffift 

B 1 . WSSfc^ : 5 0 < CfciPiftbfc«>^— y^n ^7^3- /V 

r B m#ufc 0 iub5^<Dgfe^t ?-mm<ofeistc (5^x2) 0 -^^Ga 

NS«^St ffl LT^ y tVPT^n-^Mif (8 2°C) XMm^^tc 0 
15 B2. i^:77Py (li^I : D T f 7 7^^" n lx y) ^SsKlA 

tLfclti&T* p H= 2 ~ 3 <DD HFtK^^G a NS*££ 5 ^f^ft-T^o IH b$fc 

^Sr2lUi^«9Mbfc (5#X2HI) 0 ^(Dmm^KX^—^—^ n — y bfc 
B 3. T/1^7J y^ : 4 5 0 C^M$HpH= 1 1~1 2 £ ttfc K O H 

7k®WifcG aN^lIft^lfttfc. j^»9 9 OkHz^^^rW^ltb 
20 fc 0 ^^^^il$-^T3^r H m^bfc 0 ^(DGaNSS^ftTKt't^ 

— 7o- y b/c„ 

B4 :t»^:H]*«ta)5fe^i^i: o 5 0 °C« &*-s*XkZLj V zfu 

\f>VT}\s^— frZAfttc k*-#-£A*LT. G a NS^^gfc^^AttT 5 #Rfl 

25 T*8 2 < GT*^^-tiryt 0 

Ky^x^fy^i yxy ^^M^friirTG a Nli (5 Omm* , 
4 0 0 M mii:^) Mtfc, !7^y «^te^gte^«&^ T/^Jj V 
^m^^-tirfc^(DT^S„ ^(DS^^^iJ3 ^^>bitV>^5/^ (HF) 
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ifi8Mfc7k*7k (H 2 0 2 ) *M7Ltch(DX*hZ> 0 H a 0 2 S:APx.fc©r±Bfe-fki4«r«fc 
*>i*«>5fci&-C*>S. ^tf^L *»ffcT^=l>A*J8«e (NH 4 OH) t?T/V 

5 OHT^<NH 4 OHffc5M5o 

a. K^-r^^^v^ 

K9-r^y^^©^tt3ia*0!li (*3) tmtxhz> 0 

1 0" 4 P a^TK^ffbfc^y^^^^ftlCG a N^^|&^3L 
xy/fymiLtti (C 1 2 ) #*&^AL^ir:"<rt©JE;tjS:0. 2P 

$^vhmm±mwim3o>mftmz&\,^xmnfc7km (h 2 o 2 > zmmviz 
h<DXhz> 0 mm$G&<D0km-zm$mi, 2, 3tmch<DX3b% 0 

15 B 1 . ^ffi$G& : 5 O^^Pfib^^^"- * — \fjVTjV^—jV 
SrAfrfc^tf— # — SrA^G a Nlilr^f y^a tW-TA-xi— /W£*ttT 5 # 
^gferf-bfCo I^C5^^^^^t 5— ^J^bfc (5^X2) 0 WlGa 
NSI?rH i) ffl tt^f y^n t>7;i/3-;Wl^i (8 2°C) X&%k£l£fc 0 
B2. : "T7v> (Itlt : ^ r h 7 xf yy) S&SSfciA 

20 tbfcfff i&"C p H= 2 ~ 3 <D 1 %H F + 7 %H 2 O 2 zK^^tCG a NS*££ 5 5>W 
a*i-So IHCgfe^^2(HM«9igLfci (5^X20) . *©^je#toK-C^— 

B 3. T^y?fc#- : 4 5t:tJ:JPia$ttpH= 1 1~1 2 fcSi£LfcNH 4 0 
HzK^fcG a NjfeH&RSrftSfU^o J3»8fe 9 9 0 kHz (DjtWftSrW&llSI* 

25 bfc mtm*ffim^^xzftmmi*L,tz. 0 %:<DGzumm*mm-fcx*- 

B4 : ^Wffifr : DJft^W^C. 5 0°C<D>7;*— *w<*fc>f y^n 
tVl^T^3— /V&Atbfc If— # — £A*bT\ G a N^tg^rgfc^^AttT 5 
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X8 2°CTi»£-tf:fc 0 

m ] 

Y^J^y^-l/Jfb h&^&M^fcHirTG a NS^ (5 Omm^ 

*lT, M (h 2 so 4 ) {-J;5m?5fe#^iiiPbfc 0 OTJHfci^iiflnfciSs^T^ 

10 7»ffcTV^=!7Azk*M (NH 4 OH) T"7;^ U ^i-^> 0 TVl' 

A. Y^J^-v^^-y 

Y^yf^y^^^fD^m-immmi (S3) ^hict^^o 

^#>1 0- 4 P a^Tt-^JEbfc^^^V^^-^^rttCGaNS^^^b 

15 i^fy^itttg (ci 2 ) ^^iAbft^rt«^o. 2P 

hmm-±mwim4iz.mmzj:z>mffift (h 2 so 4 ) zmto^fchnx* 

^AH/c^tf— #-&A;ftG a Nlllr^ V/o tVl^T^^— /W£*ttT 5 # 

pfl«fe^Lfd 0 mv5ftm<Dmfr%-b?-mm f 9feLtz. (5^x2) 0 

NSt£&M |±i LT-f y^n fcVVTA^-/Hi$M§ (8 2*0 ir^^-frfco 
25 B2. —gmm&: : #U T h77^nxf wy) ^ 

(dAHfc^Mt? pH=2~301%HF+7 %H 2 O 2 tK^^ G a NStS: 5 
^jt*-f-6o I^D^^2HI^t9 5gLfe (5^X20) 0 ^Ot, ^7k^ 

B3. -|«gfe?t"- ; liift^H 2 S0 4 : il^7K^7KH 2 0 2 =4 : 1 (flcfcjfc) 
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<D7km& (pH=2~3) £9 0°Crt?§.btim^b^^^GaNS^^3 0 

B 3. 7/\s%yifc& : 4 5°Ct£M£tLpH= 11 — 1 2 fcPSELfcNH 4 0 
HtM^-G a N&ASff Srftdtbfc. JBft«:9 9 0 k H z OjtBWltfESrlNIIftflRjN- 

B 4 : : 5 0T,(DV*— ? w^lc-f y^n tV^T/l^— /P^AtU/c 

iGa N21£&&t> y^a ^7^=- ^MUM Tf 8 2 < C^|fc»$^rfc 0 

10 

Sc4 



1 


mmm 2 


3 


4 


HlfcM 5 


h' 7 -f I 5< f 






K 7 'f x y f 


K7-C xyf 








$!£ $5fe ^ 






K O Hilif 


D H F Sfe 


H F + H 2 O 2 


H F + H 2 O 2 






K O Hjfeit 


N H 4 O H 


H 2 S O „ + 
H 2 O 2 










N H 4 O H 













it«t3teX*^«fft (TXRF) SrffiVNfc 0 :i;h,W3W©*fflite*ffi£ttJ^ft«» 
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*ffiU:»t5ft^^5 5D7i?7V (0. 2 81) OT (o^U^^s 
9. 7 8£J£Lh) ©Xj»tt*m^Afc-rK:^»$tb5. Xj»tt«*W»*Ot 
<a£^X^^B<D^#J<hte^ 

Srffi*5fe«)0«^-»^m«J:«J^3tXj|ftASaSo ft£STT, ^rtuit)^^ 

x ill tt/p- & < mm\z & z> ^-nmm.^ & fc-ra^a* & x^as <£> fc 

it'fc^o #ttX^«, 7c<Z>Xj»J:t)««Sfi</ji5©tt^T?fe*as. ^rO^ 

^^xn^^^^T^m^m^tcxmu m^=o. inm~inm) &m 

20 V ^fflft-M 0 . 0 5° TWI-M K:^Tfc 0 £fi 5 ©ittTXRFT' 

fracas, ^^itiSiiaotttfc. 

T^f */HBtt* 1 c m 2 fcfc Y) (DmX^-to tMt— fe<D3:% tsu± 
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